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Methodology, cont’d.

Introduction
Self-balancing platforms are used in a variety of industries such as in
construction to ensure a level place to pour concrete, in NASA’s design of the
Apollo 13 rocket to ensure the Rocketship maintains a certain orientation, and
in photography for camera stabilization on drones and handheld devices like the
DJI Osmo. The purpose of these kinds of platforms is to ensure stability in an
environment that is not typically stable so that tasks, such as construction or
working in outer space, can be done easily and safely. The purpose of our
Prototype is to create a smaller self-balancing platform that is useful in doing a
small domestic task like keeping a tray of food balanced.

•

To make sure all of the parts would work when 3D printed, we sectioned out
specific parts of the design to test them. We used calipers to create the CAD files,
but due to not knowing which level of clearance fit would be best for each feature
of the part and the fact that 3d prints shrink after being printed, it was important to
prototype sections of parts to test them and avoid wasting filament on printing the
entire parts. For example, we needed to make sure the servo motor fit inside the
servo mount and that the screw holes were lined up. This was part of the base of
the device which was a large part. It was useful here to only print out that section
of the base to test it individually.

Prototype Goals

Initial Designs

1.

The device must always correct itself to say level with the ground or any
desire orientation

2.

The device must correct movements with a quick enough speed to not tip
objects off of the platform when it is moved.

Methodology and Approach
• To build a self-balancing platform, we needed to make a control loop system,
which consists of a plant, controller, and feedback device. The plant is what
controls the conditions of the system. It is guided by the controller which reads
inputs from the feedback device. The controller is constantly monitoring the
information the feedback device is giving it and making the plant respond
accordingly. For example, if your house is cold, your thermostat will turn on the
heat. Then if it gets too hot, it will turn on the air conditioner. In this analogy, the
heat and AC are the plants, the thermometer in the thermostat is the feedback
device, and the circuit board in the thermostat is the controller. For our project,
we had to figure out the best devices to use as a plant, controller, and feedback
device.
• A control system that is commonly used for control loops is the PID control
system. PID stands for Proportional, Integral, and Derivative; each of these terms
is a parameter used to tune the response of the plant to the feedback device and
optimize the accuracy of the system. The purpose of a PID controller is to cause a
system such as the temperature in a room or in our case the level of our platform
to maintain a certain state. The PID controller does this by first measuring the
current state of the system such as the current level of our platform and compares
that to its desired state. The PID controller measures the error or the difference
between the current state of the system and the desired state. Based on this error
the PID controller tells the plant, which in our case is the servo, to correct the
error. The PID controller is based on this equation Correction Effort
=Kp*(error)+Ki (∫error) +Kd(d(error)/dt). Kp, Ki, and Kd are the
aforementioned parameters P, I and D that are specific to a certain system.
Unfortunately, we currently are unable to create a full mathematical model of our
system to derive these constants for our PID controller. Instead, we used tuning
techniques that can help us get the Kp, Ki, and Kd constants by actively testing the
platform ourselves until the response is satisfactory to our prototype goals.
• On the mechanical side, we had to plan ahead. We modeled the device in
Solidworks and planned out the mounts for the servo motors, Arduino, USB
charging board, LCD display, rotary encoder, distribution block, and battery strap.
We also used Solidworks to design the universal joint mounts and connect rod
mounts from the servos to the platform.
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Figure 1. Self Balancing Tray Schematic

Figure 2. Self Balancing Tray 3D model

Figure 3. Initial Prototype of the Self Balancing Tray

Results and Findings
The Prototype is currently still in the testing phase and still needs some tuning and
correction to the code.
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